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Abstract 
We evaluated the effect of mulching degraded soil with plant litter composed of single or mixed species on humus accumulation 
and algal biomass in experimental field study. Sandy loam (sand mixed with loam) mesocosms were examined over the course of 
2.5 years. Five litters composed of meadow plants; both grasses and herbs were used: single species (I - Dactylis glomerata, II - 
Festuca rubra and III - Trifolium pratense) and species mixtures IV (mixture of 3 species I, II and III); V (mixture of 12 species - 
IV and 9 other grasses and herbs). The highest humus acid (sum of fulvic and humic acids) content and algal biomass were found 
under the most diverse litter (V) when compared to other treatments. In general, the results suggest that mulching with diverse 
plant litter is the most effective. 
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1. Introduction 
Compared to native plant communities, drastic reductions of plant species richness are commonly observed in 
agricultural and deteriorated ecosystems [1,2,3,4]. Intensification of agriculture and land devastation often leads to 
losses of organic matter, primarily humus [4,5,6]. Humus plays an important role in the ecosystem functioning. It 
stores nutrients, improves soil structure and biological activity. One of the measures against soil organic matter loss 
is the mulching the soil surface with plant-derived matter. Mulching is usually done by using the agricultural crop 
residues (e.g. wheat and rice straw, grass etc.). This technique allows restoration of deteriorated soil systems as it 
usually improves soil physico-chemical and biological parameters resulting in higher water infiltration rate, organic 
matter content and microbial activity [6,7,8,9]. But still there is little information concerning the effect of mulching 
by plant mixtures. 
Our previous research on the relationship between carbon sequestration and food web complexity allowed to 
conclude that increased carbon sequestration proceeded more intensively in ecosystems with more diverse 
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vegetation and more complex food webs than in those with simplified species composition [10,11]. Enhancing crop 
diversity resulted in 5% increase of soil C [12]. Similarly, Ponge [13] suggested that diversity plays a central role in 
the humus formation in terrestrial ecosystems. 
The impact of decreasing both taxonomic and functional diversity on soil processes is largely unknown 
[14,15,16,17]. Changes in telluric algal biomass are particularly neglected in soil studies, comparing to other 
microbial components, but some data point out the importance of soil algae in soil functioning and humus formation 
[18,19]. 
In this paper, we present the results of the effect of experimental mulching with plant litters differentiated by 
species richness. Our primary objective was to assess the hypothesis that the mulching with litter composed of 
diverse meadow plant species enhances the accumulation of humus in soil. 
2. Methods 
The study was conducted in a permanent meadow (of the type Arrhenatheretalia) situated in the buffer zone of 
the Kampinos National Park (52° 22′ 43.6″ N, 20° 47′ 20.2″ E, east-central Poland) [20]. The mean precipitation in 
the study period was lower than the long-term mean being 440 mm and 517 mm, respectively. Air temperature in 
the growing seasons was higher than the long-term mean being 14.4oC and 13.6oC, respectively. During sampling 
times, no differences in moisture were found between particular litter treatments, either in the litter itself or in the 
substrate [18]. 
The experimental meadow of an area of 190 x 10 m had 110 microplots (0.5 x 0.5m area and 0.15 m depth). Five 
litter treatments in 22 plot replicates according to Randomized Complete Box (RCB) design were applied [21]. 
Eight litter containers per plot were placed. Litter was obtained from meadow plants, both grasses and weeds cut in 
August 2001 which had to simulate the input of decaying plants to soil. The same amount of litter (9 g dry wt.) 
irrespective of the number of plant species was exposed in modified litter containers [18]. Experimental plots were 
filled with light loamy sand (sand mixed with loam) to the depth of 15 cm [18]. The organic carbon content in this 
substrate at the beginning of the experiment was Corg. - 44.35 mg 100 g-1, CHA (humic acid-like carbon) - 7.81 mg 
100 g-1, and CFA (fulvic acid-like carbon) -14.96 mg 100 g -1. Such type of simplified soil had to increase the 
sorption capacity of substrate and to decrease the outwashing of humic substances [18,22]. Sand in plots was 
separated from the surrounding soil by a foil which had to prevent from roots growing into experimental substrate. 
Litter of the following species composition was applied: I – the cocksfoot – Dactylis glomerata (C:N ratio = 
20.79), II – the red fescue – Festuca rubra (C:N ratio = 38.42), III – the red clover – Trifolium pratense (C:N ratio = 
18.24), IV – mixture of the three plant species from treatments I, II and III applied in equal proportions (C:N ratio = 
20.28), V – mixture of 12 plant species (combined litter of I – III + 9 other species; C:N ratio = 19.97). The last 
treatments were composed of grasses: the brome grass – Bromus inermis, the meadow foxtail – Alopecurus 
pratensis, the perennial ryegrass – Lolium perenne, the oat grass – Arrhenatherum elatius, the cocksfoot – Dactylis 
glomerata, the red fescue – Festuca rubra; and herbs (weedy species): the small plantain – Plantago lanceolata, the 
common chicory – Cichorium intybus, the red clover – Trifolium pratense, the milfoil – Achillea millefolium, the 
carrot – Daucus carota, the common silverweed – Potentilla anserina. 
Composition of mixtures was selected in a way that the basic differentiating parameter was the number of plant 
species and not the chemical composition. Some differences in the litter quality could not be avoided, but mixtures 
had intermediate C:N ratios (ca. 20.12). 
The experiment started on 24 – 25 March 2002. Samples were taken on 25 June 2002, 27 September 2002, 11 
May 2004, and 9 September 2004 i.e. 3, 6, 26 and 30 months since the litter exposure. The number of samples and 
sampling frequency are presented in Table 1. 
The analyses involved an assessment of organic carbon and humus acids fractions content in underlying 
substrate. The biomass of soil algae was determined. 
Litter mass loss was determined using the gravimetric method. Organic carbon was analysed with a Shimadzu 
TOC 5000A analyser. Humus fractions were separated with sodium pyrophosphate according to Kononova [23]. 
The methods for measuring soil organic matter are described in Szanser et al [18]. Algal biomass was estimated 
according to the methods of Wood [24] and Sieminiak [25] with a UV/VIS spectrophotometer model V-550 JASCO. 
Samples for estimating the chemical and algal parameters were taken from the substratum to the depth of 5 cm with 
soil corers of area 100 cm2. 
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Statistical processing of results was performed with the Statistica 8.0 software (StatSoft, Inc. (2007) [26]). One-
way ANOVA was applied for testing the effect of treatments on mass of remaining litter, carbon fractions content 
and algal biomass in soil. All data presented had standard normal distribution. 
3. Results
The amount of remaining litter was not different in the most diverse treatment (V) comparing to simplified litters 
(I, II, III, IV) during the course of the experiment (Table 1). The humus and humus acids content in the substrate 
was not different between treatments after 6 and 26 months of the experiment. Organic carbon content was 
significantly smaller under the most diverse litter treatment (V) compared to other treatment only after three months 
of the experiment. It was insignificantly higher under the most diverse treatment (V) compared to others by 9.2% 
after 30 months of the experiment. On the opposite, the humus acid (sum of humic and fulvic acids) content was 
significantly higher under the most diverse treatment (V) compared to others after 3 and 30 months of litter exposure 
(Table 1). At the end of the experiment, it was higher by 16%. 
Algae developed mainly in the substrate, while in the litter only trace amounts were found. The algal biomass 
was very sensitive to the species richness of litter cover. Higher algal biomass was found below the most diverse 
litter (V) comparing to the rest of treatments. Differences between treatments were highly significant for all data 
(Table 1). Finally, algal biomass in the most diverse system (V) was higher than in simplified treatments by 59.4%. 
 
Table 1. Differences between 12 species mixture and simplified 1-3 species litter treatments in litter decomposition and in underlying substrate. 
On each sampling occasion, 6-9 samples of litter per treatment were taken for assessing the litter mass loss. Analogously, 6 samples, pooled to 3, 
of soil were taken for chemical analyses and algal biomass assessment. Differences between treatments were assessed using the one-way 
ANOVA. Denotations of treatments: 1-3 species (I – Dactylis glomerata, II – Festuca rubra, III – Trifolium pratense, IV – mixture of plants in 
treatments I, II & III) and 12 species (V – mixture of 12 meadow plants species plants as in treatment IV + 9 other species) 
 
Months 
since litter 
exposure 
Remaining litter Corg. content Sum of humic acid 
content C(FA + HA) 
Biomass of algae 
3-30 total 
time 
 
F=2.936, 
P<0.089 
n.s. F=3.426, 
P<0.069 
n.s. F= 1.876, 
P<0.176 
n.s. F=11.694, 
P<0.002 
12>1-3 
3 
 
 
F=0.561, 
P<0.458 
n.s. F=8.957, 
P<0.011 
12<1-3 F=5.247, 
P<0.039 
12>1-3 F=0.718, 
P<0.412 
n.s. 
6 
 
 
F=3.849, 
P<0.056 
n.s. F=2.442, 
P<0.142 
n.s. F= 0.961, 
P<0.345 
n.s. F=4.094, 
P<0.064 
n.s. 
26 
 
 
F = 4.131, 
P<0.0511 
n.s. F=0.614, 
P<0.447 
n.s. F= 0.005, 
P<0.942 
n.s. F=1.026, 
P<0.329 
n.s. 
30 F=1.861, 
P<0.183 
n.s. F=1.411, 
P<0.256 
n.s. F=6.607, 
P<0.023 
12>1-3 F=20.373, 
P<0.0006 
12>1-3 
4. Discussion
The results of our experiment support the hypothesis that the plant litter diversity is an important factor for 
humus formation in soil and might be an important agent in restoration processes of deteriorated soil systems. 
Differences were found mainly in humus acid fractions. Sum of fulvic and humic acids content was indeed the 
highest under the most diverse treatment (V). It was found also that increases of carbon and nitrogen content during 
growing seasons were significantly higher under mixture treatments compared to single species treatments [18,27]. 
These changes found at the end of the experiment were not related to litter mass loss. The slowest litter 
mineralisation was observed for red fescue and the highest for clover in the first year of the experiment. Later data 
(26 and 30 months) showed no differences between treatments [18]. 
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Algae differentiated experimental treatments more than other biological parameters analysed [18]. It was found 
that soil respiration under different litter treatments was significantly and positively correlated with algal biomass 
[27]. In our experiment, the algae were probably the most important factor in the humification processes. Being the 
main focus of many hydrobiological studies, algae are often neglected in soil studies [18,19,28,29]. It was 
demonstrated however in recent studies that algae might be involved in fulvic acids formation [18,30]. It seems that 
mulching with diverse litter (hay) promotes the humus acids accumulation more effectively than mulching with 
single species. 
5. Conclusions 
In conclusion, our results suggest that the mulching the soil with diverse plant litter (hay) is important for 
accelerating humus formation and algae development in soil.
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